In a human fear conditioning paradigm using the skin conductance response (SCR), participants were assigned to two groups. Following identical acquisition, group ABA (n = 16) was extinguished to a generalization stimulus (GS), whereas group AAB (n = 20) was extinguished to the conditioned stimulus (CS). At test, presenting the CS in group ABA yielded a strongly recovered SCR. Presenting the GS in group AAB, on the other hand, did not disrupt the effects of extinction. We conclude that extinguishing the CS (group AAB) is an efficient strategy to overcome the stimulus specificity of extinction observed otherwise (group ABA). Clinical implications are discussed.
Learning mechanisms operating in conditioning experiments are known to be engaged in human anxiety disorders as well. More insight into the characteristics of these mechanisms is therefore crucial in enhancing the efficiency of therapeutic interventions. In particular, understanding the mechanisms that underlie the unlearning of patterns of behavior is indispensable. This is provided by experimental investigation into the extinction process of conditioned fear responses. In an extinction experiment, a stimulus that has been paired with an aversive event (e.g., an electric shock), hence eliciting fear response, is repeatedly presented in isolation (i.e., without the aversive event). The effect is typically a decay of the conditioned fear response.
One important aspect contributing to the efficiency of an intervention is its generalizability to new situations (see Rachman 1989 , for a discussion on the clinical phenomenon of return of fear). For extinction, the ability of the produced response decrement to generalize to other stimuli can be experimentally tested. Vervliet et al. (2004) recently demonstrated that, in a human fear conditioning paradigm using skin conductance and shock expectancy as the dependent variables, the extinction effect is largely confined to the perceptual features of the extinction stimulus. The stimulus presented during extinction was perceptually somewhat different from the conditioned stimulus (i.e., was a generalization stimulus). In spite of substantial generalization of the conditioned responses to this new stimulus, final testing with the originally conditioned stimulus revealed that extinguishing the generalized response had no detectable effect. In the control group, the normal extinction effect was demonstrated using the conditioned stimulus throughout the entire experiment. This is the first experimentally controlled demonstration in human fear conditioning that extinction is stimulus specific. As argued by the authors, this may be clinically translated into situations where the extinction of fear to a phobic stimulus, obtained through therapeutic intervention (e.g., exposure therapy, a technique frequently used to reduce excessive fear by exposing the patient repeatedly to an exemplar of the fearful object), is lost upon confrontation with new instantiations of that stimulus.
This experiment was designed to test a possible strategy to overcome this lack of efficiency. Performing extinction with the originally conditioned stimulus may actually be a sufficient condition to ensure the generalization of its beneficial effects to new stimuli. Hence, after conditioning and extinguishing the same stimulus (A), the generalization stimulus (B) was presented at test (group AAB). If the generalizability of the extinction effect is as high as the generalizability of the conditioned fear response, no recovery of fear would be expected. A second group (ABA) was designed to replicate the stimulus-specificity effect observed in Vervliet et al. (2004) , in that the generalization stimulus was presented during extinction but not during test. Importantly, a control stimulus was included in both groups that was never paired with the shock but underwent comparable stimulus changes. This differential conditioning procedure was used by Vervliet et al. (2004) to control for nonassociative effects such as orienting responses, habituation, dishabituation, and nonspecific enhanced uncertainty. The conditioning effect is defined as the statistical difference in conditioned responding to the two stimuli; extinction is said to be complete when this difference disappears. A difference between the groups at test would provide experimental support for the proposed strategy to enhance extinction efficiency in exposure therapy.
The experiment consisted of 24 trials. After a habituation phase (one presentation of the to-be-conditioned stimulus, CS + , and the control stimulus, CS ‫מ‬ , without electric shock), four presentations of the CS + were followed by the shock, whereas four presentations of the CS ‫מ‬ were never followed by the shock (acquisition). The shock was an electrocutaneous stimulus, individually set at a level defined by the participant as "uncomfortable, but not painful." During the subsequent extinction phase, four CS + and four CS ‫מ‬ trials were presented without shock in group AAB, whereas for group ABA the extinction phase consisted of four presentations of generalization stimuli (GS + and GS ‫מ‬ ), always without shock. Finally, at test, the CS + and the CS ‫מ‬ were presented three times in group ABA. In group AAB, the GS + and GS ‫מ‬ was presented, also three times each. The rationale for the small number of acquisition trials was to prevent habituation to the shock before the end of the conditioning phase. The small number of extinction trials was aimed to reduce the total length of the experiment so that the participants would still show electrodermal responsivity at the time of the test phase (Lovibond et al. 2000) . Conditioned fear responding was measured online by the SCR; the shock expectancy was retrospectively reported by the participants on completion of the experiment. A timeline of the experimental procedure, together with the set of stimuli, is presented in Figure 1 .
SCRs were visually inspected and corrected for artifacts before they were analyzed statistically. SCR amplitudes are defined as the maximal increase starting within 1 to 4 sec after CS onset (i.e., the First Interval Response). Amplitudes were range corrected using the largest response elicited by the shock (peak between 9 and 15 sec after stimulus onset) as the maximum range for each individual. The corrected response magnitudes were averaged per block of trials, so that the experiment consisted of five blocks: 2 acquisition blocks, 2 extinction blocks, and 1 final test block. The means were subjected to a square root transformation to normalize the distribution prior to statistical analysis. Concerning the retrospective shock-expectancy data, the 5 rating moments per group were included in the analysis: 2 acquisition moments, 2 extinction moments, and 1 test moment. Withingroups analyses were performed within a separate 2 (stimulus: experimental, control) ‫ן‬ 5 (block/moment: acq1, acq2, ext1, ext2, test) ANOVA per group. Between-groups differences were analyzed within the general 2 (group: ABA, AAB) ‫ן‬ 2 (stimulus: experimental, control) ‫ן‬ 5 (block/moment: acq1, acq2, ext1, ext2, test) ANOVA. The SCR results from the habituation phase were analyzed per group within a 2-way ANOVA (stimulus: CS + , CS ‫מ‬ ). Finally, the pleasantness and intensity ratings were analyzed separately in a 2-way ANOVA (group: ABA, AAB). The ␣-level was set at .05 for all analyses. For every test, the appropriate degrees of freedom and error terms are reported.
In group ABA, 10 participants out of 16 reported observing 4 different geometrical shapes during the experiment (4 of the remaining participants actually reported noticing more than 4 shapes). In group AAB, the correct number of shapes was reported by 17 participants out of 20. The mean pleasantness rating for the shock was ‫52.5מ‬ in group ABA and ‫07.5מ‬ in group AAB. The mean intensity score for group ABA was proximal to the third label, namely intense (M = 2.69), as was the case in group AAB (M = 2.60). No statistically significant differences were observed between the two groups: pleasantness ratings, F (1,34) < 1 and intensity ratings, F (1,34) < 1.
Concerning the SCR, no difference between the CS + and the CS ‫מ‬ was observed during the preconditioning phase (habituation) ABA: M CS+ = 0.51, M CS‫מ‬ = 0.43, F (1,14) = 1.97, Mse = 0.02; AAB: M CS+ = 0.47, M CS‫מ‬ = 0.45, F (1,19) < 1. Figure 2 shows the SCR data averaged on block-level per group. The upper half of the cells in Table 1 show the means and the corresponding F-tests per block and per group. As suggested by the graph, conditioning was successful in both groups. On the first extinction block, which served as the generalization test in group ABA, the discrimination remained significant in both groups. As for acquisition, the between-groups difference was not significant on this moment. The conditioned SCR thus generalized substantially to the new stimulus pair in group ABA. Subsequent extinction was complete in group ABA, but not in group AAB, as indicated by the residual discrimination on the second extinction-block. Yet, the two groups did not differ significantly. Most importantly, the test discrimination was significant in group ABA, but not in AAB. The between-groups difference reaches the significance level as well. The crucial moment (ext2, test) ‫ן‬ stimulus (experimental, control) interaction, although not presented in Table 1 , was also significant in group ABA, F (1,15) = 8.93, Mse = 0.01. Finally, the group (ABA, AAB) ‫ן‬ moment (ext2, test) ‫ן‬ stimulus (experimental, control) interaction is significant as well F (1,34) = 7.58, Mse = 0.02. The size of the test discrimination in group ABA did not differ significantly from the discrimination on the second acquisition block F (1,15) = 2.36, Mse = 0.02].
Concerning the retrospective shock-expectancy ratings, Figure 3 shows the averaged data for the different moments per group. The lower parts of the cells in Table 1 show the corresponding means and F-tests per block and per group. As suggested by the graph, conditioning was successful in both groups. On the first extinction moment, both groups still demonstrated Figure 2 Mean First Interval Responses (i.e., range-corrected and square root-transformed SCR amplitudes between 1 s and 4 s after stimulus onset) for the two groups per stimulus type (experimental and control), as a function of blocks of trials. For group ABA, the two extinction blocks correspond to the generalization stimulus (GS + vs. GS ‫מ‬ ), whereas for group AAB, the test block corresponds to the GS + and the GS ‫מ‬ . The second acquisition block (acq2) and the first and second extinction block (ext1 and ext2, respectively) each represent the mean of two consecutive trials. The test block (test) represents the mean of the three test trials. the significant discrimination. Hence, the differential shock expectancy generalized well to the new stimulus pair in group ABA. Subsequent extinction was only partial, as both groups showed a residual and significant discrimination on the second extinction moment. Importantly, group ABA demonstrated a significant discrimination at test, contrary to group AAB. The between-groups difference on this moment was significant as well. The crucial moment (ext2, test) ‫ן‬ stimulus (experimental, control) interaction, although not presented in Table 1 , reached the significance level in group ABA F (1,15) = 11.82, Mse = 5.93. Finally, the group (ABA, AAB) ‫ן‬ moment (ext2, test) ‫ן‬ stimulus (CS + , CS ‫מ‬ ) interaction was also significant, F (1,34) = 18.53, Mse = 4.30. The size of the test discrimination in group ABA was significantly smaller than the discrimination on the second acquisition block, F (1,15) = 5.10, Mse = 3.86.
This experiment asked whether performing extinction with the originally conditioned stimuli enhances the generalizability of the produced response decrement. First, the stimulus specificity of the extinction effect ) was successfully replicated in group ABA: Extinction of the generalized responses had no statistically detectable impact on the response strength to the originally conditioned stimulus, at least for the SCR. Hence, the response decrement resulting from the extinction procedure hardly generalized to the conditioned stimulus. Second, group AAB demonstrated that this stimulus specificity can be overcome by extinguishing the conditioned responses. Subsequent presentation of the generalization stimulus yielded no observable response recovery in either measure. In sum, the perceptual similarity between the conditioned and extinguished stimulus appears to be the crucial factor in generalizing response extinction.
Importantly, a number of nonassociative explanations for our results can be discarded on the basis of the empirical evidence. First, the observed response recovery in group ABA was not the result of orienting responses or dishabituation on confrontation with the test stimuli, as the responses to the control stimulus remain largely unchanged. Second, the substantial elicitation of the conditioned responses by the generalization stimulus on the outset of extinction ensures that generalization mechanisms were involved. The observed stimulus specificity of extinction at test in group ABA was therefore not attributable to a lack of perceptual similarity. Concerning group AAB, the absence of the response recovery at test did not result from a failure of discrimination: The postexperimental interview revealed that 17 participants out of 20 accurately noticed the four different experimental stimuli. The standard extinction procedure in this group could have caused a fatigue in skin conductance responsivity or a lowered attention towards the end of the experiment. However, the perseverance of (decremented) differential response to the CS + versus the CS ‫מ‬ until the last extinction block pleads strongly against this argument. Finally, dishabituation and/or orienting responses to the control stimulus at test can, in principle, mask recovered responding to the experimental stimulus. This is contradicted by the observation that neither stimulus showed an increase from extinction to test. In conclusion, the absence of a response recovery in group AAB was not attributable to such confounding variables.
Extinction of conditioned responses has sometimes been found to lack generalizability to new experimental situations. For example, response inhibition is known to be specific to the extinction context (contextual renewal). In ABA renewal, the fear conditioned stimulus is extinguished in a second context (B) before being tested in the conditioning context (A). In AAB renewal, the stimulus is conditioned and extinguished in the same context (A), followed by testing in a second context (B). In both cases, a recovery of the conditioned fear response has been observed (e.g., Bouton and Bolles 1979; Bouton and Ricker 1994; Thomas et al. 2003 ; for a demonstration of ABA-renewal in human fear conditioning, see Vansteenwegen et al. 2004) . In comparison with our results, this points to a difference between stimulus and context generalizability of extinction. Clinically, this suggests that performing exposure in the original conditioning context may not be a very helpful tool in the enhancement of extinction efficiency. Exposure to the original conditioning stimulus, on the other hand, should be pursued, for it may be expected to have beneficial effects towards future confrontations with other instantiations of the fearful object. *P < .05, **P < .01, ***P < .001. The upper half of each cell concerns the SCR, the lower half of each cell concerns the shock-expectancy. CS+ and GS+ refer respectively to the conditioned and generalization exemplar of the experimental stimulus. CS‫מ‬ and GS‫מ‬ refer respectively to the corresponding 'conditioned' and 'generalization' exemplar of the control stimulus. ACQ, EXT1, EXT2, and TEST refer to the second acquisition block, the first and second extinction block, and the test block, respectively. ABA and AAB are the experimental groups.
Figure 3
Mean shock-expectancy ratings for groups ABA and AAB per stimulus type (experimental and control) as a function of retrospectively indicated moments: acq2 refers to the ending of the acquisition phase, ext1 and ext2 refer respectively to the beginning and ending of the extinction phase, and test refers to the final phase of the experiment. For group ABA, the two extinction blocks correspond to the generalization stimulus (GS + vs. GS ‫מ‬ ), whereas for group AAB, the test block corresponds to the GS + and the GS ‫מ‬ . (Solid bars) CS+; (open bars) CS‫.מ‬
